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METHOD FOR ADMINISTERING HEMOGLOBIN * 



Background of the Invention 

The present invention is directed toward a novel approach for administering hemoglobin 
5 to patients in need of replacing, maintaining or elevating their hemoglobin levels. The 
traditional techniques for administering blood components has been to give a continuous 
infusion. Typically, a blood transfusion for elective or non-emergence indications involves 
administering one to two units of whole blood or packed red cells to a patient over a four hour 
period or longer. The subject method utilizes pharmacokinetic principals to first administer a 
10 loading dose and then a continuous small dose infusion to maintain a desired hemoglobin level 
in the blood stream. This method is particularly useful in the infusion of blood substitutes 
where it is desirable to maintain a relatively low level of unnatural blood in the patient's blood 
stream to avoid toxicity or rejection while providing the necessary benefits of oxygen transport. 
There exists a critical need in the medical industry to find alternative blood sources due 
15 to lack of sufficient blood donors and the potential contamination of available blood supplies 
with various transfusable diseases. One impediment to developing alternative blood substitutes 
is the very complicated role blood plays in the body and the body's rejection of foreign blood 
components. The biotechnology industry has been attempting to develop an alternative blood 
source from porcine, bovine, outdated human blood and recombinant blood but all have 
20 encountered difficulties when administering them to patients. Difficulties include such problems 
as kidney and liver function abnormalities, gastric distress and blood pressure fluctuations. 

Hie present invention attempts to solve these problems by introducing a novel method 
for administration of blood components, especially blood substitutes. It has now been 
discovered that by employing pharmacokinetic principals instead of large scale transfusions one 
25 can minimize the amount of foreign bodies introduced into the patient but still replace, maintain 
or elevate a desired hemoglobin level to provide necessary oxygen transport in the patient. 

Summary of the Invention 

In one aspect, the present invention is a method for administering hemoglobin to a 

30 patient in need thereof comprising the administration of a loading dose of a hemoglobin 

containing composition based upon the concentration of hemoglobin desired in a patient and the 
patient's apparent volume of distribution; and thereafter the administration of a maintenance 
dose of the hemoglobin containing composition calculated to maintain a steady-state hemoglobin 
level in the patient The maintenance dose can be administered as a continuous infusion or as 

35 single doses. 

The hemoglobin containing composition can be a blood substitute comprising 
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hemoglobin suspended in a phartnaceutically acceptable vehicle for administration such as 
modified regular donated or transfused blood, packed red blood cells, reconstituted human or 
other animal species blood synthesized for administration to the patient, a recombinant or other 
blood substitute. A pharmaceutical^ acceptable vehicle for administration is any liquid or 
5 diluent suitable for admixing hemoglobin which does not interfere with its oxygen carrying role 
or have an adverse effect on the patient Such vehicles are well known in the art and include 
for example, normal saline or lactated Ringer's. Preferred blood substitutes are crosslinked 
hemoglobin essentially free of 64,000 molecular weight or less hemoglobin components (i.e. f 
tetramer free). 

10 

Detailed Description of the Invention 

The present invention discloses the pharmacokinetic dosing of blood components, 
preferably hemoglobin to a patient in need of having their hemoglobin level replaced due to 
blood lose, maintained or modified for a therapeutic purpose, elevated or otherwise controlled. 

15 A patient can be any mammal having a hemoglobin oxygen transportation mechanism for 
sustaining cell function. This administration procedure should be effective for all blood 
components such as white blood cells, red blood cells, platelets, plasma, Factor Vm, IX and XI. 

Particularly useful in the subject method is the administration of blood substitutes such 
as blood or blood components not derived from the patient that is receiving such blood or blood 

20 component The present method is advantageously used for blood substitutes because it allows 
the practitioner to minimize the total exposure of the transfused blood to the patient over time, 
thus avoiding any dose related toxicity problems from the particular blood source utilized. 
Typical blood substitutes are porcine derived blood components available from DNX, Princeton, 
NJ; recombinant derived blood components available from Somatogen, Inc., Boulder, CO (US 

25 Patent 5,028,588); processed human blood such as by purifying and crosslinking outdated 
human blood available from Northfield Labs Inc., Evanston, IL (US Patents 4,826,811, 
5,194,590 and 5,194,270); and Baxter, Northfield, IL (US Patents 5,128,452, 4,861,867 and 
4,831,012); bovine derived blood substitutes available from Enzon, S. Plainfield, NJ, and 
Biopure, Boston, MA (US Patent 5,084,558); and oxygen carrying fluorocarbons available 

30 through Alliance Phann. Corp., San Diego, CA. 

The hemoglobin is generally administered to a patient in need of such hemoglobin in a 
pharmaceutical^ acceptable vehicle. A pharmaceutically acceptable vehicle for administration 
is any liquid or diluent suitable for admixing hemoglobin which does not interfere with its 
oxygen carrying role or have an adverse effect on the patient Such vehicles are well known in 

35 the art and include for example, normal saline or lactated Ringer's. 
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With any of the mentioned blood substitutes the subject method provides the distinct 
advantage of minimizing the amount of blood substitute needed to replace the oxygen carrying 
cap ::ty of the native hemoglobin lost from a patient In another aspect, the subject method 
allows the practitioner to elevate or maintain oxygen carrying capacity of the blood stream by 
5 administering controlled minimal amounts of a blood substitute. 

Preferably, large molecular weight hemoglobin substitutes (blood substitutes) are 
administered because these have been found to have fewer side effects or adverse reactions. 
High molecular weight, crosslinked hemoglobin are preferred because they result in the 
formation of high molecular weight oligomers of the hemoglobin tetramer which are extremely 
10 resistant to renal filtration and more stable to oxidation at physiological temperature than either 
unmodified hemoglobin or hemoglobin crosslinked to only the tetramer-dimer level. 

Particularly preferred are the crosslinked, polymerized hemoglobin which are relatively 
free of tetramer or dimer components, i.e., having molecular weights greater than 64,000, but 
still possessing a P50 or oxygen affinity which is low enough to effectively transport oxygen 
15 and then release it to the cells of a living organism. Hemoglobin compositions having less than 
10% tetramer or dimer components are preferred with less than 6% being particularly preferred 
and essentially tetramer free compositions being most preferred. Examples of such tetramer free 
blood substitutes are disclosed in US Patent 5,194,590 to Northfield Laboratories, Inc., 
Evanston, D. 

20 Other blood substitutes derived from various blood sources can also be filtered by 

molecular weight sieves or filters to eliminate essentially all tetramer and lower weight material 
to prepare this preferred material. Methods to prepare high molecular weight blood substitutes 
can include a step where the purified, cross-linked hemoglobin is size excluded to remove low 
molecular weight hemoglobin Qess than 64,000). Typically, this size exclusion is by low 

25 pressure size exclusion chromatography. 

In many cases, the blood substitutes have an oxygen affinity of the hemoglobin or P50 
value which is low enough to effectively transport oxygen and then release it to the cells of a 
living organism more efficiently than native human hemoglobin. The P50 is the partial pressure 
of oxygen at which 50% of the available sites have bound oxygen. Thus, it has been discovered 

30 that a gram per gram replacement of hemoglobin is not necessary to maintain, elevate or replace 
the oxygen carrying capacity of native human hemoglobin. Mere volume replacement can be 
achieved with other known blood volume expanders and thereby the subject method minimizes 
the opportunity for the treated patient to adversely react to a large infusion of blood substitutes 
which may be foreign to the patient, such as from a different species or artificial sources 

35 including recombinant means. 
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Phairaacokinetic dosing is a well understood method of dosing patients for intravenous 
drugs but has not been employed for transfusing blood. Pharmacokinetic dosing relies on 
calculating a loading dose usually based on the patient's weight and then a corresponding 
continuous infusion rate or maintenance dose, for maintaining a particular dosage level in the 
5 patient The determination for the dose to use for the loading dose will be based on dosing in 
grams of hemoglobin per body weight or volume of fluid (mis of the blood substitute as based 
upon its content of hemoglobin) needed 

Many basic texts on performing pharmacokinetic dosing exist such as Ansel, H.C. 
Introduction to Pharmaceutical Dosage Forms (3rd ed), Philadelphia: Lea & Febiger (1981). 

10 Numerous methods, formulas, nomograms and computer programs are designed to simplify 
dosage regimen calculations and have been published in the medical literature although not for 
blood The loading dose is dependent only on the desired concentration and apparent volume of 
distribution of the drug, in this case the concentration of hemoglobin in the patient's total blood 
volume. However, other factors such as state of the emergency or amount of overall blood loss 

15 that change volume of distributions are to be considered 

The continuous infusion rate or maintenance dosage regimen is to achieve a consistently 
desired concentration with a dose size and frequency that is practical without marked 
fluctuations in blood component, hemoglobin, concentrations. Consistency of concentrations is 
best maintained with continuous intravenous infusions or very frequent small doses. Particularly 

20 preferred with respect to the administration of a blood substitute is that the maintenance dose or 
continuous infusion is at a level to not produce toxicity and such that the concentration does not 
drop for long below the therapeutic range. 

The maintenance dose is directed influenced by the clearance rate of the particular blood 
substitute employed and inversely related to changes in half life. These factors are known for 

25 the variously available blood substitutes and can be easily factored into any maintenance 

calculation formula. The pharmacokinetics method of dosing is particular favorable for blood 
substitutes because it is easy to monitor not only hemoglobin level in a patient but also to 
monitor the individual species of the blood substitute itself. Thus, pharmacokinetic models for 
the particular blood substitute are easily prepared for proper administration. 

30 For example, if one desires a specific plasma hemoglobin concentration, one can 

calculate the amount (grams or milliliters) that are needed to raise the hemoglobin levels based 
on the patient's body weight. A loading dose given over a specified time to achieve these target 
concentrations. A continuous infusion is started immediately after the loading dose is given. 
The purpose of the loading dose is to be able to maintain steady-state plasma concentrations of 

35 hemoglobin. The duration of administration of the continuous infusion will be up to 24 hours, 
but may exceed this, if clinically indicated. Furthermore, this dosing may be done anywhere in 
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the preoperative period or during the operation itself. Small repeated bolus (or loading doses) 
may be necessary to maintain plasma hemoglobin levels, in the case of surgical blood loss, in 
excess of predicted amounts. The procedure above should not be limited to a particular type of 
surgery, but globally to the patient who is in need of a transfusion . 
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What is Claimed: 

1. A method for administering hemoglobin to a patient in need thereof comprising: 

a) administering a loading dose of a hemoglobin containing composition based 
upon the concentration of hemoglobin desired in said patient and said patient's apparent volume 

5 of distribution; and thereafter 

b) administering a maintenance dose of said hemoglobin containing composition 
calculated to maintain a steady-state hemoglobin level in said patient 

2. The method of Claim 1 wherein said maintenance dose is administered as a continuous 
10 infusion, 

3. The method of Claim 1 wherein said hemoglobin containing composition is a blood 
substitute comprising hemoglobin suspended in a pharmaceutically acceptable vehicle for 
administration. 

15 

4. The method of Claim 1 wherein said maintenance dose is administered as frequent 
single doses. 

5. The method of Claim 1 wherein said hemoglobin is a cross-linked blood substitute. 

20 

6. The method of Claim 1 wherein said hemoglobin is essentially free of tetramer or lower 
molecular weight hemoglobin. 

7. A hemoglobin composition for use in treating a patient in need of hemoglobin where the 
25 hemoglobin composition is administered as a loading dose based upon the concentration of 

hemoglobin desired in the patient and the patient's apparent volume of distribution and 
thereafter administering a maintenance dose of the hemoglobin containing composition 
calculated to maintain a steady-state hemoglobin level in the patient 



30 
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